Six N-glycosyl benzofuran derivatives were synthesized by the catalysis of organic bases and condensation agents. The benzofuran derivatives were obtained by the reaction of various salicylaldehydes in acetone, and then hydrolyzed to the corresponding carboxylic acids. Finally, the target compounds were synthesized by acylation and the reaction conditions were optimized. The acetylcholinesterase (AChE) inhibitory activity of the desired compounds was tested using Ellman's method. Most of the compounds showed acetylcholinesterase-inhibition activity; N- (2,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-3-yl)benzofuran-2-carbxamide (5a) showed the best acetylcholinesterase inhibition, with an inhibitory rate of 84%.
Introduction
Benzofurans are an important family of oxygen-containing heterocycles. Natural benzofuran compounds have anti-tumor, anti-fungal, anti-senile dementia and antiinflammatory activity and thus provide important heterocyclic active molecule for the development of new drugs [1] [2] [3] [4] . The main clinical drugs containing a benzofuran skeleton are the anti-arrhythmic amiodarone (I), the antihypertensive bufuralol (II) and the anti-fungal griseofulvin (III) [5, 6] , whose structures are shown in Figure 1 . Some studies have shown that many compounds containing a benzofuran skeleton can be used as monoamine oxidase inhibitors, potent acetylcholinesterase (AChE) inhibitors or potent Multitarget-Directed Ligands in the treatment of Alzheimer's disease [7] [8] [9] [10] . D-glucosamine is an important natural monosaccharide with many kinds of biological activity, such as anti-inflammatory, anti-cancer and anti-bacterial [11] [12] [13] . The synthesis of glucosamine derivatives has recently become of interest with respect to increasing their biological activity, as many studies have shown that glucosamine derivatives have strong biological properties, including anti-oxidant and anti-AChE [14] [15] [16] [17] .
Due to the excessive lipid-water partition coefficient and poor water solubility of benzofuran, it cannot easily reach the anticipated site of action of the drug. Glucosamine is an active molecule with multi-hydroxyl groups and has strong water solubility. Therefore, unprotected glucosamine was linked to benzofuran via an amide bond in order to increase the water solubility of the coumarin molecule and improve its bioavailability and activity. The synthesized derivatives were tested for AChE inhibitory activity by Ellman's method, and glycosylated heterocyclic compounds with better AChE-inhibitory activity were identified.
Results and Discussion

Chemistry
In our experiment, ethyl benzofuran-2carboxylate 1 was synthesized from substituted salicylaldehyde in acetone solution catalyzed by potassium carbonate, and hydrolyzed to benzofuran-2-carboxylic acid 3. Then, under the catalysis of N,N-diisopropylethylamine and HATU, 3 and glucosamine 4 were reacted in acetonitrile solution to produce N-glycosyl benzofuran derivatives 5a-5f in high yield (Scheme 1).
In the second stage, coumarilic acid 3a and the condensation agent HATU were used as representatives to select the best reaction conditions. Table 1 summarizes the molar ratio, solvent, temperature and duration of the various reactions.
Biological activity
The AChE inhibition activity of the newly synthesized compounds was evaluated in vitro by Ellman's method, using AChE extracts from Electric eel [18, 19] . Table 2 summarizes the compounds' inhibitory potency ('inhibition rate'). Table 2 , the inhibitory activity of all the compounds to AChE is higher than that of the precursor compound, D-glucosamine hydrochloride m, and the inhibitory rate of the optimum compound 5a is 84%, indicating that the presence of benzofurans enhances the inhibitory activity.
As shown in
Conclusion
Six N-glycosyl benzofuran derivatives were designed and synthesized by a green, efficient and convenient method. Optimum reaction conditions were identified and all yields were above 60%. The compounds were determined by NMR, IR and HRMS. Most of the compounds demonstrated acetylcholinesterase inhibition activity and compound 5a showed the best acetylcholinesterase inhibition with an inhibition rate of 84%. 
Experimental Chemistry
All chemicals were purchased from commercial sources and used without further purification unless otherwise stated. Melting points were determined on a Yanaco melting point apparatus and were uncorrected. IR spectra were recorded on a Bruker Tensor 27 spectrometer with KBr pellets. 1 H NMR spectra were recorded on a Bruker Avance 500 MHz at ambient temperature using DMSO-d 6 as solvent and TMS as an internal standard. Chemical shifts were reported in ppm. HRMS (ESI) analysis was performed on an Agilent 6230 mass spectrometer.
General procedure for synthesis of ethyl benzofuran-2carboxylate (1)
Potassium carbonate, anhydrous (10 mmol) was added to an acetone solution of various salicylaldehydes (8 mmol) and stirred sufficiently. Ethyl chloroacetate (20 mmol) was added to the solution and the reaction mixture was stirred under reflux for 8 h. After removing the solvent, adding H 2 O and extracting with ethyl acetate, product 1 was obtained, yield 70%.
General procedure for synthesis of benzofuran-2-carboxylic acid (3)
A sodium hydroxide (4 mmol) water (10 mL) solution was added to 20 mL ethanol containing 1 (3 mmol). After dropping, the reaction liquid was heated to 40°C and stirred for 1 h. After the reaction, the pH was adjusted to 1 by 5 mol/L HCl and the precipitate was filtered, washed with H 2 O and ice ethanol, and dried. Product 3 was obtained, yield 90%.
Synthesis of Glucosamine (4)
Glucosamine hydrochloride (2 mmol) and N,Ndiisopropylethylamine (2 mmol) were added to a 50 ml flask and stirred for 3 h to obtain compound 4, yield 99%.
General procedure for Synthesis of 5a-5f
3 (2 mmol) was added to 15 ml Na 2 SO 4 dried acetonitrile, and N,N-diisopropylethylamine (4 mmol) was added after stirring and dissolving. HATU (2.6 mmol) was dissolved in 5 ml acetonitrile and slowly dripped. When the solution turned yellow, 4 (2.6 mmol) was added. The reaction was complete after 50 minutes' continuous stirring at 30°C. The mixture was filtered and washed with acetonitrile to give 5a-5f. 
N-(2,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2Hpyran-3-yl)benzofuran-2-carboxamide (5a)
